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ABSTRACT 


Excessive  electromagnetic  interfeience/radio  frequency  interference  (EMI/RFl)  degrades 
the  capability  of  the  Naval  Security  Groiq)  (NSG)  high  frequency  direction  finding 
(HFDF)  sites  to  receive  signals  of  interest  (SOI).  These  sites  use  a  circularly  di^)osed 
antenna  array  (CDAA)  to  receive  signals  in  the  2  to  30  MHz  frequency  range.  A  conical 
monopole  (CM),  an  antenna  whose  bandwiddi  matches  the  CDAA’s,  may  provide  a 
solution  to  the  EMI/RFI  problem  ferougb  separation  and  isolation.  Semi-remotely 
locating  the  CM  away  firom  EMI/RFI  sources  achieves  the  former,  while  its 
indqiendmioe  frxnn  the  noisy  RF  distribution  system  acconqtlishes  the  latter.  This  diesis 
analyzed  the  susceptibility  of  die  CM  to  EMI/RFI  currents  that  might  be  injected  onto 
die  feedline  from  equqnnent  in  the  building  at  die  center  of  the  CDAA. 

The  Numerical  Electromagnetics  Code  (NEC)  was  used  to  model  the  CM  and  its 
buried  feedline  at  die  Inqierial  Beach  C3>AA  site.  The  numerical  model  was  used  to 
validate  proposed  limits  for  the  maximum  allowable  EMI/RFI  current  on  incidental 
ctmductofs  and  grounds  at  receiving  sites.  A  maximum  of  two  microamps  of  EMI  current 
has  been  suggested  to  ensure  diat  no  af^neciable  degradation  of  SOI  reception  occurred. 
The  NEC  CM  model  predicted  that  die  two  mkroanqi  current  limit  would  be  adequate 
for  SOI  recqition  (m  the  CM  examined.  Ejqierimental  measurements  obtained  at  the 
Inqierial  Beach  HFDF  site  partially  validated  these  results  and  demonstrated  that  the 
CDAA  reqxmse  to  die  two  microanqi  EMI/RFI  limit  is  widiin  die  expected  levels. 
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Z .  ZIITRODaCTIOII 


The  AN/FRD-10  Wullenweber  CDAA  is  used  for  signal 
acquisition  and  direction  finding.  When  first  constructed  in 
the  1960 's,  this  system  offered  superior  detection  for  low 
level  SOI.  Since  then  the  CDAA's  capabilities  have  been 
significantly  degraded  by  the  intrusive  effects  of  EMI/RFI. 

Low-level  EMI/RFI  currents,  commonly  called  noise 
currents,  are  produced  by  a  number  of  sources.  Many  of  these 
sources  have  appeared  with  the  advent  and  widespread  use  of 
digital  technology.  The  Naval  Postgraduate  School's  Signal- 
to-Noise  Enhancement  Program  (SNEP)  has  identified  many  of 
these  sources  [Ref.  1].  The  consequence  of  EMI/RFI  is  that 
previously  detectable  low  level  SOI  are  no  longer 
receivable.  One  specific  reason  is  that  noise  currents 
migrate  to  the  antenna's  ground  screen  and  appear  at  the 
antenna  feedpoint  as  noise  and  interference.  The  noise  and 
interference  mask  the  desired  SOI.  Extensive  CDAA  conduction 
paths  consisting  of  wires,  coaxial  cables,  heating  ducts, 
etc.  provide  anqple  opportunities  for  EMI/RFI  currents  to 
travel  into  other  parts  of  the  system  and  degrade 
performance.  Therefore,  it  is  necessary  to  limit  their 
magnitude  to  some  acceptable  level. 

Other  NPS  SNEP  team  work  [Ref.  2]  suggested  meocimum 
limits  for  EMI/RFI  currents  injected  into  any  conductor. 


cabl«  shield,  or  ground  should  not  exceed  two  microanps  at  a 
small  size  receiving  site.  This  amount  should  ensure  that 
the  EMI/RFI  will  be  below  the  ambient  noise  floor  and  not 
affect  the  reception  of  a  minimum  detectible  signal  level  of 
about  -135  dBm.  This  signal  level  represents  a  .002  microamp 
current  at  the  feedpoint  of  a  50  ohm  antenna. 

Through  antenna  modeling  using  NEC  and  field 
measurements,  this  thesis  examines  the  relationship  between 
the  suggested  maximum  injected  EMI/RFI  current  and  the 
actual  level.  Additionally,  it  analyzes  the  possibility  of 
limiting  the  impact  of  EMI/RFI  by  semi-remotely  locating  an 
antenna  far  enough  away  from  EMI/RFI  sources  so  noise 
currents  attenuate  to  acceptable  levels  before  arriving  at 
the  antenna  feedpoint. 

Lemos  [Ref.  3]  already  showed  that  the  CM,  an 
omnidirectional  HF  antenna,  possesses  satisfactory 
radiation  receiving  patterns  in  the  2  to  30  MHz  operating 
range.  This  stuc^  will  analyze  the  CM's  response  to  noise 
currents  on  its  radial  ground  screen  and  see  if  semi- 
remotely  locating  it  might  improve  its  performance. 

Figure  1  provides  a  side  view  of  the  CM  and  shows  one  of 
the  36  radial  wires  comprising  its  groxind  screen.  This 
pl^sical  structure  is  ideally  suited  for  NEC  solution 
methods  which  employ  thin  wires  to  model  actual  antennas.  By 
exciting  the  model's  structure  with  current  sources,  one 
obtains  solutions  for  the  wire  currents  based  on  the 
electric  field  integral  equation  (EFIE) . 
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A.  FOCKXiZiraTOM'S  ZHnORAL  BOnATlOH 

Balanis  [Ref.  4]  provides  an  excellent  derivation  of  the 
EFIE  upon  whose  theory  NEC  rests.  NEC  uses  the  method  of 
moments,  a  matrix  solution  technique,  and  a  special  form  of 
the  EFIE,  known  as  Pocklington's  integral  equation,  to  solve 
thin-wire  antenna  problems.  Pocklington's  integral  equation 
relies  on  the  following  four  assumptions: 

1.  Transverse  currents  are  small  relative  to  eocial 
currents  on  the  wire. 

2.  The  circxmaferential  variation  in  the  axial  current  is 
small . 

3.  Current  on  wires  exists  as  a  filament  at  the  center. 

4.  The  boundary  condition  on  the  electric  field  is 
enforced  in  the  axial  direction  only. 

The  EFIE  allows  computing  the  radiated  field  of  a  wire 
antenna  at  any  observation  point  if  the  current  density  on 
the  surface  of  the  wire  is  known.  For  observation  points  on 
the  wire,  only  the  aucial  component  on  the  surface  is  needed. 
The  thin-wire  approximations  given  above  lead  to  the 
following  scalar  integral  equation,  known  as  Pocklington's 
integral  equation. 

Ills')  lkW')-g^ff(r,r')]ds'  (l) 


where 


\r-r  I 


(2) 


jc«(a^ile  , 

and 

n-^(f  . 

In  these  equations  J(s')  is  the  induced  current,  is  the 
incident  electric  field,  s  and  K  unit  vectors  tangent  to 
the  wire  at  s  and  s',  and  r  and  r'  are  vectors  to  the  points 

a  and  s'  on  the  wire.  The  electric  field  is  in  volts/meter. 
NEC  exnploys  delta  weighing  functions  and  special  subdomain 
basis  functions  known  as  B  spline  of  the  form 

Jj(s)  «^'^Bj5iii[ic(s-Sj)  ]  *CjCos[k{s-8j)  ]  (5) 

which  allow  rapid  convergence  of  numerical  results  [Ref.  5] . 

B.  mniBRXCBL  BLBCTROMHaMBTZCS  CODB  MODBLZNQ  ODZDBLIMBS  AMD 
ACCDRACY 

Burke  and  Pogio  [Ref.  6]  provide  detailed  guidelines  on 
constructing  antenna  models  using  NEC.  Essentially,  by 
constructing  wire  models  whose  segment  lengths  and  diameter 


(3) 


(4) 
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accuracy  and  prevents  violating  the  assumptions  associated 


with  Pocklington's  integral  equation. 

For  a  loss  free  antenna,  average  power  gain,  GJ^yg,  is  a 


check  of  solution  accuracy,  and  is  defined  as 


^AVB. 


(6) 


where  P,  is  the  radiated  power  in  the  far  field  and  defined 
as 

P,=~linif  Re[BxmrdQ  (7) 

and  dQ  is  the  differential  surface  on  the  sphere.  Pj  is  the 
input  power  of  the  antenna  given  by 

where;  is  the  input  voltage  in  volts  and 
Ij.  is  the  input  current  in  amperes. 

Modeling  usually  begins  by  constructing  the  antenna  in 
free  space  or  over  perfect  ground,  since  either  situation 
eliminates  the  effect  of  lossy  ground  on  calculations. 

In  free  space,  a  properly  modeled  antenna  has  =1  while 
one  over  perfect  groxind  has  Gj^yg^=2,  Values  within  10%  of 
these  ideal  averages  are  usually  acceptable. 
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Realistic  antenna  problems  frequently  rely  on  solutions 
involving  lossy  ground.  In  these  cases,  NEC  uses  the 
Sommerfeld-Norton  method  [Ref.  6]. 

C.  COIIZCAi;i  MOMOPOLS  OPERATION 

The  CM  displays  broadband  characteristics  in  the  2  to 
30  MHz  frequency  range.  Lemos  [Ref.  3]  provides  a  discussion 
on  the  characteristics  and  theory  concerning  its  operation. 
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ZZX.  MODBLZMO  THB  CONZCAL  MONOPOZiX  USZHO  MBC 


A.  NIC  MODILZMG  CONSZDIRATZOIfIS 

Leinos  [Ref.  3]  previously  validated  the  model  of  the  CM 
by  evaluating  its  average  power  gain  over  perfect  ground  in 
the  frequency  range  of  interest.  Appendix  B  contains  his  NEC 
input  data  set  with  the  noticable  exception  of  an  added  290 
segment  wire.  This  wire  attaches  to  the  CM  base  where  the  36 
radials  join  and  models  a  long  cocucial  cable  feedline 
connecting  the  CM  to  a  distant  CDAA  control  building. 

NEC  modeling  allows  input  for  real  ground's  relative 
permittivity  (e^)  and  conductivity  (o)  in  siemens /meter 
which  change  significantly  with  frequency.  Figure  2  shows 
some  representative  values  taken  from  Hagn  [Ref.  7]. 

Typical  values  range  from  extremes  for  seawater  (Er^^SO  a=5) 
to  those  of  an  urban  environment  (ei.=3  o=.001). 

Several  methods  exist  for  measuring  real  ground 
parameters  at  antenna  sites  and  should  be  eirployed  whenever 
possible  to  increase  the  accuracy  of  the  NEC  model. 
Unfortxmately,  a  February  winter  storm  prevented  measuring 
6r  and  a  at  the  Inperial  Beach  site.  Based  on  measurements 
taken  at  other  sites  and  a  review  of  pertinent  literature, 
the  model  used  an  of  15  and  o  of  .003.  These  values  are 
representative  of  sandy  coastal  regions  such  as  southern 
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rigur#  2.  lUilatlv*  P^raittivity  and  Conductivity  Variation 


with  Fraquaney 


California. 

To  simulate  injected  EMI/RFI  currents,  NEC  used  a  1  anp 
current  source  made  by  connecting  an  electrically  small, 
poorly  radiating  element  to  the  antenna  model  through  a 
network.  Since  the  system  is  linear,  it  is  possible  to  scale 
the  results  to  any  convenient  value  to  represent  EMI/RFI 
noise  currents. 

The  primary  modeling  objective  was  to  simulate 
EMI/RFI  currents  coupled  onto  the  shield  of  a  3200  foot 
coaxial  cable  connected  to  the  CM  base.  This  would  provide 
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infoxnaticm  about  how  current  attenuates  along  a  coaxial - 
cable  shield  as  it  travels  toward  the  feedpoint  of  a  semi- 
remotely  located  CM.  Of  interest  was  how  far  it  was  from  a 
two  microamp  source  to  the  location  where  current  drops 
below  the  NFS  SHEP  team's  .002  microanqp  recommended  maximum 
level  of  feedpoint  current.  For  this  model,  a  current 
reference  source  was  actually  attached  3116  feet  from  the 
antenna  feedpoint. 

A  necessary  prelude  to  accoxrplishing  this  objective  was 
to  validate  that  the  NEC  itodel  for  the  CM  accurately 
predicted  feedpoint  current  levels.  An  NPS  SNEP  team  v^isei 
an  esqperiment  to  inject  current  into  one  of  the  CM  radials 
and  measure  the  current  induced  into  a  50  ohm  resistor  at 
the  feedpoint.  The  NEC  predicted  results  compared  very 
favoredjly  with  the  experimental  values. 

B.  HK  BB80LT8  FOR  «RB  CONICAL  MONOFOLB 

Figure  3  shows  the  NEC  predicted  feedpoint  current  for 
the  CM  over  the  selected  frequency  range  vrhen  one  radial  is 
injected  42  feet  from  the  feedpoint  with  two  microanps. 
Several  peaks  indicate  frequencies  where  strong  coupling 
exists  between  the  radials.  The  greatest  coupling  occurs  at 
the  3 -MHz  peak.  Another  peak  occurs  at  10  MHz.  Coupling 
decreases  past  10  MHz  as  the  radials  become  further  apart 
electrically. 

Figure  4  shovra  how  the  current  magnitude  and  phase 


varies  for  the  model  along  the  injected  radial  at  15  MHz. 

The  linear  phase  is  indicative  of  a  traveling  current  wave 
moving  in  both  directions  away  from  the  source.  The  .002 
microanqp  noise  floor  was  plotted  to  provide  a  perspective  on 
how  this  current's  magnitude  con^ares  to  the  NFS  SNEP  team's 
suggested  maximum  level  of  EMI/RFI  current  at  the  feedpoint 
of  the  CM.  Clearly,  the  injected  level  of  two  microamps  on 
the  antenna's  radial  ground  screen  would  significantly 
interfere  with  reception  of  SOI  since  it  is  several  orders 


Figure  3.  mc  Predicted  Feedpoint  Current  for  a  Constant  2 
Microeap  Current  injected  into  Redial 
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riattr«  4.  Carr«Bt  JULooa  lUidial  Wix«  when  ZaJ^ct^d  42  w—t  fora 
tbm  raadpoint  with  2  alorcaaps  «t  IS  MBb 

of  magnitude  above  the  ambient  noise  of  a  receiver  connected 
to  this  antenna.  Figures  5  and  6  show  plots  of  the  current 
for  the  case  of  a  3200  foot  wire  injected  near  the  end  at  3 
and  6  MHz  respectively.  Both  cases  show  that  the  current 
rapidly  falls  off  until  lateral  wave  propagation  begins 
about  200  feet  from  the  source  [Ref.  8} .  After  that,  a 
slower  but  steady  attenuation  occurs  until  shortly  before 
the  feec^oint,  vdiere  a  nuidser  of  peaks  exist  due  to 
reflections  from  an  impedance  misinatch  occurring  at  the 
antenna's  base. 


Figor*  5.  HM  Fi-ttdiot^d  Castxwit  Along  o  3200  Foot  Coaxial 
Cabla  with  a  2  aioroaagp  Corrant  injaotad  3116  Faat  iron  tha 
Antama  Faadpoint  at  3  MRa 


At  3  MHz  the  current  magnitude  drops  from  2  microamps  to 
below  .0001  microamps:  a  -86  dB  attenuation.  Since  3  MHz 
represents  the  peak  coupling  frequency,  all  other 
frequencies  will  experience  even  greater  loss. 

Table  I  shows  the  current  magnitude  for  various 
distances  along  the  cable.  The  3200  foot  Imperial  Beach  CM 
cable  greatly  exceeds  the  length  necessary  to  silence  noise 
sources  through  attenuation.  The  shorter  ceOble  runs  that 
exist  at  other  CDAA  sites  with  CM  antennas,  such  as  1500  to 
2000  feet,  would  also  produce  satisfactory  attenuation. 
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Tmtoim  1,  cmaaun  xvtwaoxTxon  alono  3200  foot  fbxdlziib  for  3 
AMD  6  MBs  NRBN  ZMJSCTBD  WZTB  2  mCROAXPS  AT  3116  FUT 


OICTMKX  ntflic 
COKICAL  MOHOXOLI 
FnDPOIRT 

coiuuDrr 

RAaORTIIDI 

FOR  3  MRS 
ZMJBCTIOH 

II 

COXRINT 

MAOVITDDX 

FOR  6  MBs 
ZNJSCTIOR 

FEET 

MICROAMPS 

MICROAMPS 

3116 

(INJECTION 

1  POINT) 

2 

2 

1  3083 

.62 

.35 

1 

.175 

.082 

1 

.048 

.017 

1  2988 

.01 

.006 

2956 

.0037 

.0004 

2926 

.0016 

.0014 

1  2893 

.0017 

.001 

1  2864 

.0008 

.0008 
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ZV.  XMmXAL  BIACH  CONICJOi  MOIIOPOLE  MEkSOKaMMUnS 


A.  MIASUIUDIBIT  TKCHWIOOT 

The  Inqperial  Beach  CM  lies  on  the  coastal  plain  of 
southern  California  characterized  by  low  scrub  vegetation 
and  san(^  soil.  A  dense  urban  environment  of  mixed 
residential  and  industrial  zones  is  within  line-of -sight , 
beginning  at  three  kilometers,  and  surrounding  the  antenna 
on  three  sides.  The  ocean,  600  meters  away,  borders  the 
fourth  side. 

The  CM  rises  above  a  circular,  six-inch  thick  gravel 
carpet  which  covers  its  36  copper  radials.  Each  radial 
extends  80  feet  from  the  antenna  base.  Recent  maintenance 
left  one  six-foot  segment  of  a  radial  exposed,  which 
provided  an  excellent  location  to  both  inject  and  measure 
radial  currents.  The  exposed  segment  began  40  feet  from  the 
base  of  the  CM. 

An  instrumentation  arrangement  consisting  of  a  Kenwood 
Model  TS-50  transceiver,  12  dB  attenuator,  impedance 
matching  tuner,  and  specially  designed  signal -injection 
probe  injected  current  into  the  radial  by  inductive 
coupling.  The  injection  point  was  43  feet  from  the  CM  base. 
Placed  on  both  sides,  and  one  foot  away,  were  two  Fischer 
Custom  Communications  Model  F-70  Current  Probes.  A  Hewlett- 
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Packard  141  Series  Spectrum  Analyzer,  connected  to  the  F-70 
probes  by  low-loss  coaxial  cable,  was  used  to  measure 
current  at  the  two  probe  locations  as  well  as  the  signal 
level  at  antenna  f eedpoint .  Figure  7  shows  the 
instrumentation  setup.  System  calibration  ensured  that  1 
microaitqp  of  current  flowing  on  a  conductor  at  the  F-70 
produced  an  output  of  1  microvolt  across  a  50  ohm  load.  It 
was  convenient  to  measure  the  probe  output  in  dBm  dissipated 
in  the  50  ohm  load.  The  following  relationship  converts  the 
power  measured  to  current. 

•  001*10  * *50  ( 

B.  1IBIU3URBIBIIIT8  AMD  AMALTSZS 

Table  II  contains  the  measured  current  at  both  probe 
locations  and  the  signal  level  at  the  CM  f eedpoint.  Several 
mechanisms  account  for  the  significant  variation  encountered 
across  the  2  to  25  MHz  frequency  range  including: 

1.  Antenna  impedemce  varies  with  frequency. 

2.  Soil  permittivity  and  conductivity  parameters  vary  with 
frequency. 

3.  The  injecting  instnunentation  not  matching  the  load 
equally  well  at  all  frequencies  resulting  in  different 
power  levels  delivered  to  the  injection  coil. 

4.  Radial /antenna  coupling  variations  with  frequency. 
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G0NIC4L  MONOPOLE  BADIAL  VUIE 


Flgur#  7.  Diagraun  of  Instrumentation  Used  to  Inject  and 
Measure  Current  on  the  Conical  Monopole 

Figure  8  shows  the  variation  of  current  with  frequency  at 
both  the  inner  F-70  probe  and  the  antenna  feedpoint.  The 
plot  shows  a  20  to  40~dB  loss  between  the  radial  injection 
point  and  the  measured  feedpoxnt  current. 

Validating  the  NEC  model  results  to  the  actual  antenna 
characteristics  requires  that  the  measured  and  NEC  predicted 
feedpoint  currents  closely  match  when  both  are  injected  with 
the  same  magnitude  current  at  the  same  location  on  the 
antenna. 

The  NEC  values  of  radial  injected  current  are  scaled  to 
be  equal  to  the  the  measured  radial  injected  current.  The 
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Figure  8.  Measured  Current  at  the  Inner  Probe  and  at  the 
Conical  Monopole  Feedpoint 


NEC  predicted  feedpoint  current  is  plotted  in  Figure  9  along 
with  the  measured  feedpoint  current.  The  NEC  predicted 
current  closely  follows  the  measured  current  up  to  about  20 
MHz,  where  the  NEC  values  become  consistently  lower.  A 
possible  explanation  is  the  NEC  model  used  values  for  and 
o  that  did  not  change  with  frequency  when  in  fact  there  was 
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Figure  9  Comparison  of  NEC  Predicted  Feedpoint  Current  to 
Measured  Feedpoint  Current  for  Current  Injected  on  a  Radial 


some  variation.  To  explore  this  possibility,  the  model  was 
run  at  22  MHz  for  a  number  of  different  ground  parameters. 
The  results  are  plotted  in  Figure  10.  The  solid  line  in  this 
figure  is  for  the  measured  value  of  feedpoint  current 
measured  at  the  Imperial  Beach  site.  Because  of  the  impact 
of  ground  constants  on  the  calculated  feedpoint  current  at 
the  higher  frequencies,  future  NEC  modeling  should  emplc^ 
accurate  measurements  of  ground  characteristics. 

A  final  comparison  was  made  between  the  measured 
feedpoint  current,  normalized  to  2  microamps,  and  the  NEC 
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Figor*  10.  Comparison  Between  NBC  Predicted  Feedpoint 
Current  and  Measured  Feedpoint  Current  for  Varying  Ground 
Parameters 


predicted  feedpoint  current  for  a  2  microamp  injected 
current.  The  results,  plotted  in  Figure  11,  show  close 
agreement.  They  diverge  2d)ove  20  MHz  as  previously 
demonstrated.  The  exceptional  peak  at  17  MHz,  where  strong 
coupling  is  not  expected,  needs  to  be  verified.  This  may  be 
a  measurement  error. 

Now  possessing  eui  accurate  model,  the  intent  of  the  NPS 


SNEP  team  was  to  inject  current  into  the  CM  feedline  at 
various  locations  euid  measure  the  resulting  antenna 


feedpoint  current.  This  could  then  be  used  to  verify  the 
numerical  results  that  predict  significant  attenuation  for 
noise  currents  traveling  along  the  cable.  Regrettably,  the 
iR^erial  Beach  CM  feedline  had  a  break  in  it  somewhere 
between  the  CDAA  operations  building  and  the  antenna.  This 
prevented  the  team  from  conpleting  this  objective.  The  NFS 
SNEP  team  then  developed  an  alternate  experiment  to  test  the 
amount  of  coupling  between  coaxial  cables  that  r\in  under  an 
HFDF  site. 
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rlgar«  11.  Comparison  Between  Measured  Feedpoint  Current  and 
NEC  Predicted  Feedpoint  Current  when  Radial  Injected  Current 
Normalized  to  2  Microanqps  and  NBC  Radial  Injected  Current 
Scaled  to  2  Microamps 


V.  COOPLZNO  imCTS  AT  ZimRZAL  BBACH  RXCBZVZNO  SITB 

A.  SZTB  DBSCRXPTZON  AMD  COOPLZMO  MBASUMXMBMT  TBCBNZQUB 

The  Imperial  Beach  receiving  site  consists  of  the 
AN/FRD-10  Circularly  Disposed  Antenna  Array  (CDAA) ,  control 
building,  and  the  conical  monopole.  The  latter  lies  about 
3200  feet  due  north  from  the  control  building  and  is 
connected  by  a  7/8-inch-foam  dielectric  Heliax  coaxial 
cable.  Running  parallel,  and  in  the  same  plastic  conduit  for 
270  feet,  is  a  spare  CM  cable  that  teirminates  in  an  external 
cable  vault.  The  shield  for  both  cables  connect  into  the 
north  termination  plate  of  the  CDAA  RF  room,  where  numerous 
other  CDAA  cables  also  connect.  For  more  information,  refer 
to  the  CDAA  technical  iticuiual  [Ref.  9]  .  The  terrain  and  soil 
conditions  surrounding  the  CDAA  are  similar  to  at  the  CM. 

An  access  panel  in  the  RF  room  of  the  CDAA  allowed  the 
team  to  select  the  cables  for  both  current  injection  and 
measurement,  using  the  same  devices  and  technique  employed 
cn  th»  CM. 

B.  COOPLZMO  RESULTS 

Table  III  shows  the  injected  and  induced  current  levels 
in  the  CM  cable  shield  and  spare  cable  shield,  respectively. 

Figure  12  shows  a  plot  of  the  difference  in  the  injected 
and  induced  levels  and  clearly  indicates  the  two  cables 
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interact  significantly.  This  serves  to  dramatically 
illustrate  how  noise  currents  on  one  conductor  couple  into 
adjoining  conductors. 

The  CDAA  possesses  numerous  EMI/RFI  conduction  paths. 
Its  entire  monopole  array  system  resides  on  a  copper  groiind 
screen  beneath  which  are  hundreds  of  coaxial  cable  runs. 
Added  to  this  are  various  power  conduits,  piping  systems, 
and  comnunication  cables.  Noise  current  migration  is  a 
serious  problem  in  such  systems. 


This  single  experiment  only  touches  on  the  real  problem 
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rigor*  12.  Coupling  Between  the  Conical  Monopole  Cable  Shield 
and  the  Conical  Monopole  Spare  C6d>le  Shield 

and  a  detailed  analysis  of  coupling  effects  between  other 
cables  and  components  awaits.  Vincent  [Ref.  10]  provides 
other  examples  of  CDAA  coupling  problems  and  testing 
methods.  Additionally,  he  believes  coupling  testing,  if 
es^lored  further,  may  provide  a  relatively  easy  and 
inexpensive  method  to  identify  treunsmission  line  problems 
such  as  corroded  junctions  and  incorrectly  assembled  ced>les. 


VX.  KBSDLTS  AMD  COMCZ1U8ZOH8 

•Hie  NEC  model  of  the  CM,  with  representative  values  for 
ground  permittivity  and  conductivity,  produced  numerical 
results  which  closely  followed  experimental  results. 

The  NEC  results  also  indicate  that  significant  noise 
current  attenuation  occurs  on  the  cable  shield  of  a  semi- 
remotely  located  CM  as  the  current  travels  on  the  cable 
to%raird  the  antenna.  A  distance  of  200  feet  or  more,  under 
Imperial  Beach  conditions,  should  reduce  this  current  to 
levels  that  will  not  interfere  with  HP  reception  provided 
the  tenative  value  of  maximum  injected  current  of  two 
microamps  is  not  exceeded.  These  results  need  to  be 
experimentally  verified  by  injecting  an  actual  CM  cable  at 
varying  distances  from  the  antenna  and  measuring  feedpoint 
current  levels. 

Current  injection  tests  on  the  coaxial  cable  sheaths  of 
the  COAA  showed  the  NPS  SNEP  team  proposed  two  microanp 
limit  on  incidental  conductors  about  right  [Ref.  10]. 
Preliminary  measurements  on  coaxial  cable  shields  at  the 
Imperial  Beach  CDAA  site  showed  that  inductive  coupling  can 
provide  a  low-loss  path  for  EMI/RFI  currents  to  travel  to 
other  parts  of  the  system.  Because  of  the  CDAA's  complex 
network  of  cables,  other  esqperimental  tests  need  to  be  run. 
Only  then  will  the  full  impact  of  EMI/RFI  on  the  system  be 
better  understood. 
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AVFIMDZX  A.  MBC  ZMPDT  DATASKT 


THE  2012AA  CONICAL  MONOPOLE 


FROM  HY-GAIN  TELCONS  AND  THE  MANUAL 


FIRST,  NECGS  RUNS 

NO  CATENARY/ PERF.  GND/ SIX-FOLD  SYMM 

ALL  EQUI -RADII  WIRES 
100,16,  0,0,71,  22.5,0,28.5, .01 

500.1,  22.5,0,28.5,  18.85,0,28.5,  .01 
500,6,  18.85,0,28.5,  0,0,28.5,  .01 

50.1,  0,0,0,  0,0,-l,  500.500 

600.1,  18.85,0,28.5,  18.85,0,27.5,  .01 

200.10,  0,0, .75,  22.5,0,27.5,  .01 
0,0,  0,0, -30,  0,0,0,  100.600 
150,15,  0,0,71,  19.4856,0,28.5,  .01 

236.14,  0,0, .75,  19.4856,0,27.5,  .01 

272.14,  0,0, .75,  19.4856,-5.625,27.5,  .01 

308.14,  0,0,. 75,  19.4856,5.625,27.5,  .01 
400,4,  0,-11.25,0,  0,11.25,0,  .01 

0,0,  0,0,0,  19.4856,0,28.5,  400.400 

50.1,  0,0,0,  0,0,-l,  400.400 

800.10,  0,0,-l,  80, 0,-1 
0,0,  1.25,  .01, .01 

0,0,  0,0,30,  0,0,0,  800.800 
6,5,  0,0, -10,  0,0,0,  800.800 
1.6 

0,0, .3048 

-1.2 

2,0,0,0,15, .003 

0,0, 0,0,  6 


MOW  CALL  UP  THE  NGF  FILE 

900,1,  0,0,-l,  0,0,0,  .01 

900,1,  0,0,0,  0,0,. 75,  .01 
900,9,  0,0, .75,  0,0,27.5,  .01 

900.1,  0,0,27.5,  0,0,28.5,  .01 

900,14,  0,0,28.5,  0,0,71,  .01 

902.1,  0,0,-l,  0,0, -2,  .01 
903,290,  0,0, -2,  3200,0,-2 
0,0,  1.01,  .01,. 01 


APPSNOZX  B.  FZLB  COMVSRSZON  PROGRAM 


Compiling  this  C  program  produces  an  executable  file 
called  convert.exe  that  converts  NEC  generated  plotting 
files  into  a  matrix  for  MATLAB  manipulation. 

LCDR  Frank  Kelbe,  an  instructor  in  the  Naval 
Postgraduate  School  Conputer  Science  Department,  authored 
this  program. 

#include  <stdio.h> 

#include  <alloc.h> 

#include  <stdlib.h> 

#include  <string.h> 

/*  anything  longer  than  this  is  Part  1  data,  shorter 
is 

Part  2  data  *! 

#de£ine  LONG  40 

/*  if  a  line  is  longer  thaui  this,  the  file  has 

been 

converted  already  */ 

#define  TOO_LONG  70 

/*  where  the  real  data  begins  on  a  line  */ 

#define  OFFSET  7 

/*  length  of  tenp  input  string  */ 

#define  LEN  100 


int 

maindnt  argc,  char  **argv) 

{ 

FILE  *ifp,  *fp;  /*  file 

handles  */ 

FILE  *final; 

char  tmpfile[LEN] ; 
scratch  file  name  */ 

char  finalfile[LEN] ; 
scratch 
file  name  */ 

char  temp [LEN];  /*  used 
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input  of  strings 

char  t«Dpl[LEN];  (*  used 

for 

input  of  strings  */ 
int  len; 

/* 

length  of  input  string  */ 

char  * result;  /* 

return 

value  from  fgets  */ 

if  (argc  <  2)  { 

fprintf (stderr, ■\nlnvalid  number  of 

arguments . \n" ) ; 

exit ( 1 ) ; 

} 

if  ({ifp  =  fopen(argv[l] ,  *r"))  ==  NULL)  { 

fprintf (stderr, *\nUnable  to  open  input 

file. \n" ) ; 

exit (1) ; 

) 


strcpy  (tnpfile,  tnpnam(NULL) ) ; 

unique 

scratch  filename  */ 

strcpy  (finalfile,  tiiqpnam(NULL) ) ; 

unique 

scratch  filename  */ 


/*  get  a 


/*  get  a 


if  ((fp  =  fopen(tiiqp£ile,  "w+"))  ==  NULL)  { 

f print f (stderr, 'XnUnable  to  open  output  file 
%s\n* ,  tnqpfile) ; 

fclose(ifp) ; 
exit (1) ; 

} 

while  (Ifeofdfp))  { 

result  s  fgets (teitqp,  LEN,  ifp); 
if  (result  !s  NULL)  { 

len  =  strlen(teirp) ; 

if  (len  >  TOO_LONG)  { 

fprintf (stderr, ■\n\nThe  file 


already  been  converted\n\n”) ; 


fclose(ifp) ; 
exit (1) ; 
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until 

next  part  */ 


if  (len  >  LONG) 


{  /*  proceed  only 


fputs ( temp+OFFSET, 

} 

else 


break ; 

when 

reach  the  second  part  of  the  data  */ 

} 

} 


fp)  ; 

/*  quit 


/*  open  the  ten^)  file  for  reading  now  */ 
fclose(£p) ; 

if  ((fp  =  fopen(tiipfile,  “r"))  ==  NULL)  { 

fprintf (stderr, *\nUnable  to  open  tenp  input 

file 

%s\n" ,  tnqpfile) ; 

fclose(ifp) ; 
exit ( 1 ) ; 


/*  open  the  final  outpuw  file  */ 
if  ((final  =  fopen( final file,  •w+"))  ==  NULL)  { 

f print f (stderr, "XnUnable  to  open  output  file 
%s\n" , finalfile) ; 

fclose(fp) ; 
fclose(ifp) ; 
exit ( 1 ) ; 

} 


/*  temp  already  has  a  value,  so  process 

first, 

then  read  more  * ! 

while  (!feof(ifp))  { 

fgets(templ,  LEN,  fp) ; 
tempi [strlen (tempi) -1]  =  '\0'; 
fputs ( tempi ,  final ) ; 

fputs (•  ",  final);  /*  separate  the 

parts 

with  spaces  */ 

fputs (temp+OFFSET,  final); 

if  ((result  =  fgets(temp,  LEN,  ifp) )  ==  NULL) 
/*  if  nothing  left,  */ 

break; 


33 


/*  get  out  of  here  */ 

) 

f close (ifp) ; 
fclose(fp) ; 
fclose( final) ; 
tinlink{argv[l] )  ; 
\inlink(tn5)file) ; 
renaine(finalfile,argv[l] ) ; 
return  1; 
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Department  of  Electrical  and  Computer  Engineering 
Naval  Postgraduate  School 

Monter^,  CA  93943-5121 

6 .  Chris  Adams 
ManTech 

6593  Commerce  Ct. 

Gainsville,  VA  22065 

7 .  Rcy  Bergeron 
ERA 

1595  Spring  Hill  Rd. 

Vienna,  VA  22180 

8.  Anne  M.6.  Bilgituui 
USA  INSCOM  MSA-V  EAQ 

Bldg  160  MS  Vint  Hill  Farms 
Warrenton,  VA  22186-5160 

9.  Roy  Dossat 

SPAWARS  Code  PMW  144-3 

NCI  3E52,  Arlington,  VA  20363 
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10.  Jixn  Engels 
NESSEC  Code  0411 
3801  Nebraska  Ave.  NW 
Washington,  DC  20393 

11 .  Pamela  Guardabascio 
NESSEC  Code  0411 
3801  Nebraska  Ave.  NW 
Washington,  DC  20393 

12.  George  Hagn 

SRI  International 
1611  N.  Kent  St. 

Arlington,  VA  22209 

13.  Clyde  Harthcourt 
1715  15th  St.  NW 
Washington,  DC  20009 

14.  Lee  M  Jackson 
NCCOSC  NRAD  825 

1918  Via  Las  Palmas  #17 
National  City,  CA  91950 

15.  Leo  Jonas 
USAF  ESC/LEMP 

San  Antonio,  TX  78243-5000 

16.  Sherzy  M.  Jordan 

US  ARNy  INSCOM/NSA-V  Bldgl60 
Vint  Hills  Farms 
Warrenton,  VA  22186 

17.  Steve  Kelly 
NESSEC  Code  0411A 
3801  Nebraska  Ave.  NW 
Washington,  DC  20393-5210 

18.  Brian  I.  Kutara 
NEEACT  PAC 

Box  130 

Pearl  Harbor,  HI  96860-5170 

19.  CDR  Gus  Lott 

Neval  Security  Group  Coinnand,  Code  GX 
3801  Nebraska  Ave.  NW 
Washington,  DC  20393-5210 

20.  Thomas  L.  Lutz 
CC  '.5PAWAR5YSC0M 
GMW  169-22 
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21.  Sttplian  Mftaiaon 
mSSBC  Code  0412F 
2801  Nebraska  Ave.  NW 
Washington,  DC  20393 

22.  George  F.  Munch 
160-CR-375 

San  Antonio,  TX  78253 

23.  Hugh  N/ec's 
NBEACT  PAC 

Box  130  Pearl  Harbor,  HI  96860-5170 

24.  LCDR  Andrew  Parker 
US  Naval  Acadenny 

Dept,  of  Electrical  Engr. 

Annapolis,  MD  21402 

25.  Jane  Perry 

1921  Hopefield  Rd. 

Silver  Spring,  MD  20904 

26.  Art  Reid 

11177  Bollinger  Rd. 

Littlestown,  PA  17340 

27.  Miquel  I.  S2uichez 
NSA  Code  G042 

Fort  Meade,  MD  20755-6000 

28.  Brian  Skinroons 
NSG  Code  GX 

3801  nebraska  Ave  MW 
Washington,  DC  20755 

29.  Miles  Terayama 
NISE  West  Hawaii 
Box  130 

Pearl  Harbor,  HI  96860 

30.  Tom  Watt 
11443  Rowley  Rd 
Clarksville,  MD  21029 

31.  Comnandant  of  the  Marine  Corps 
Code  TE  06 

Headquarters,  U.S.  Marine  Corps 
Washington,  DC  20380-0001 
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32.  Major  Thomas  Gehrki 
3514  Soffit  Place 
Lake  Ridge,  VA  22192 


